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Abstract

The fabrication of different planar antenna struc-
tures using micromachining techniques is de-
scribed. The antenna patches are based on
thin dielectric HMDSN membranes deposited by
plasmapolymerization and fabricated by structur-
ing the underlying silicon. Both antennas and
CPW-feedlines are composed of two stacked KOH-
etched silicon-layers. Different transitions from
membrane-based coplanar waveguides to multi-
layer antenna structures have been fabricated and
characterized around 125 GHz.

Introduction

The structure of coplanar waveguides on thin dielec-
tric membranes allows single-mode TEM wave pro-
pagation over a wide frequency range, almost negligi-
ble dispersion, and very low dielectric losses [4].

Coplanar waveguides on thin HMDSN-membranes
have already been fabricated and characterized for D-
band frequencies. They show a very low attenuation
of about 0.1 dB/mm. A transition from membrane-
based coplanar waveguide to rectangular waveguide
has also been fabricated for D-band exhibiting low
losses {1}, [2]. Based on these results, two differ-
ent planar antenna structures at D-band frequencies
have been developed for power combining applica-
tions. The design and numerical results are presented
in [3]). The manufacturing of the planar antennas on
thin HMDSN-membranes is described below. The an-
tennas consist of two stacked KOH-etched silicon lay-
ers feeded by membrane-based coplanar waveguides.
The membranes deposited from plasma-polymerized
HMDSN were fabricated by structuring the 300 pm
thick, low-resistive silicon below with micromachin-
ing techniques. The radiation pattern of a coplanar
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fed microstrip probe horn antenna has been measured.
Although the fabricated structure is based on a non-

optimized design, it shows satisfactory far-field char-
acteristics around 125 GHz.

Slot-Coupled CPW-Fed Patch An-
tenna

The structure is composed of two stacked microma-
chined silicon layers as shown in figure 1. The bot-
tom layer contains the coplanar feedline which merges
into a coupling slot. Both the coplanar feedline and
the coupling slot are based on a 4 pm thin HMDSN-
membrane.
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Figure 1: Structure of a slot coupled CPW-fed patch
antenna.

The coplanar feedline is coupled to rectangular wave-
guide using the transition described in [1]. The
membrane-based transition consists of two cascaded

transitions, the first from rectangular waveguidé to
microstrip line followed by a taper from microstrip
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to coplanar line. To form the ground plane of the
membrane-based microstrip line the metallic surface
of the test fixture is used. Therefore the height of the
bottom layer has to be smaller than 100 ot

On the upper layer a radiating patch is placed on a
4 pm thin HMDSN-membrane. In the stacked struc-
ture, the radiating patch is centered exactly above
the coupling slots. The gap between both layers is
around 65 pm- The gap is fabricated by structuring
the upper side of the bottom silicon layer by plasma
etching. Using low pressure chemical vapour deposi-
tion the silicon is cladded by a 200 nm thick Si;N,-
film. Subsequently, the 4 um thick HMDSN film
is grown by plasma-polymerization and annealed at
200°C. A 750 nm thick titanium/gold layer is sput-
tered and structured by wet chemical etching to form
the coplanar waveguide and the coupling slot. The
backside Si3N 4 1s opened by a plasma etching process
serving as a mask on the silicon substrate.

Next the underlying silicon is etched to a depth of
100 pm in an alkaline KOH-solution. During this pro-
cess the upper surface with the coplanar lines and the
coupling slots is protected. Afterwards, the Si,N,
mask is removed by a plasma etching process. Em-
ploying the KOH-solution again, the silicon below the
membrane is thinned to a few pm. During this fab-
rication step the upper surface is also protected. The
remaining silicon and the Si,N, are finally removed
by a plasma etching process.

The upper layer is much easier to manufacture in com-
parison with the bottom layer, because the thickness
of the substrate can be kept at 300 pm. Furthermore,
the upper surface of the layer is planar, because the
gap between the layers is structured only in the bot-
tom layer. The fabrication reduces to the evaporation
of Si,N, on a silicon substrate followed by the depo-

sition and annealing of a 4 ;i thick HMDSN film.
Appropriate to the fabrication of the bottom layer de-
scribed above, a titanium/gold film is sputtered and
structured by wet chemical etching. Afterwards the
Si;N, is opened and the underlying silicon is removed
up to a few ,m in a KOH-solution while the upper
surface is protected. At last the remaining silicon is
removed by a plasma etching process.

Finally, the single manufactured layers are stacked and

connected with fluid-silver.

CPW-Fed Microstrip Probe Microma-
chined Horn Antenna
Figure 2 shows a second type of planar antennas

using thin dielectric membranes. The structure is
based on the transition from coplanar waveguide on

thin HMDSN-membrane to conventional rectangular
waveguide presented in [1]. The coplanar line is first
tapered to a microstrip line. Afterwards, a transition
from microstrip line to rectangular waveguide consist-
ing of a nearly triangular patch placed in the E-plane
of the coplanar waveguide is realized. To minimize

the field distortion caused by the test fixture the di-
rection of beam has to be perpendicular with respect

to the test fixture surface. Therefore, a small KOH-
etched, low-resistive silicon cuboid is used. The po-
sition of the bottom side of the cuboid is about 100

m above the HMDSN-membrane, so this surface is
used as ground plane of the microstrip line. The cavity
sidewalls of the micromachined silicon substrate and
the small silicon cuboid operate as a micromachined
horn.

Micromachined Horn

Silicon cuboid Membrane

CPW-feedline

Figure 2: Structure of a microstrip probe microma-
chined horn antenna.

In principle, the fabrication of this antenna structure
is identical compared with the fabrication of the up-
per layer of a slot coupled CPW-fed patch antenna
described above. Figure 3 shows a photograph of the
fabricated CPW-fed microstrip probe micromachined
horn antenna.

Figure 3: Photograph of a microstrip probe microma-
chined horn antenna.




Characterization and Measurement

Both return loss and radiation pattern of a microstrip
probe horn antenna have been measured. The results
are shown in figures 4 and 5. Although the structure
is based on a non-optimized design it shows satisfac-
tory characteristics.
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Figure 4: Measured return loss of a microstrip probe
micromachined horn antenna.
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Figure 5: Measured radiation pattern of a microstrip
probe micromachined horn antenna: E-plane (solid
line) and H-plane (dashed line), f — 125 GHz.

Conclusions

Two different types of planar antennas based on thin
HMDSN-membranes are presented. First measure-
ments show satisfactory characteristics although the
fabricated antenna is based on a non-optimized de-
sign. These results promise good performances for
optimized structures. The antennas are fed by copla-
nar lines based on thin dielectric membranes. There-

fore, low-resistive silicon substrates can be used. Fur-
thermore, the direction of maximum radiated power is
perpendicular to the plane of the CPW-feedline indi-
cating a good applicability for power combining appli-
cations. An integration of planar antennas and impatt
oscillators to a multi-element power combining array
will be part of future work.

Acknowledgement

The authors are indebted to the Deutsche Forschungs-
gemeinschaft for financial support.

References

[1] S. Hirsch, K. Duwe, R. Judaschke, ”A Transition
from Rectangular Waveguide to Coplanar Wave-
guide on Membrane”, to be presented in the 25th
International Conference on Infrared and Mil-
limeter Waves, Sept 2000, Beijing, China

[2] K. Duwe, S. Hirsch, R. Judaschke, J. Miiller
”Micromachined Coplanar Waveguides on Thin
HMDSN-Memranes”, to be presented in the 25tk
International Conference on Infrared and Mil-
limeter Waves, Sept 2000, Beijing, China

[3] S. Hirsch, K. Duwe, R. Judaschke, ”Coplanar Fed
Micromachined Planar Antennas for Power Com-
bining Applications at D-Band Frequencies”, this
Conference

[4] L. P. Katehi, G. M. Rebeiz, “Novel Micro-
machined Approaches to MMICs Using Low-
Parasitic, High-Performance Transmission Media
And Environments”, IEEE MTT-S Digest, 1996,
pp. 1145-1148.

[5] D. E Filipovic, W. Y. Ali-Ahmad, G. M. Re-
beiz "Millimeter-Wave Double-Dipole Antennas

for High-Gain Integrated Reflector Hlumination”,
IEEE Transactions on Microwave Theory and

Techniques,1992, vol. 40, No. 5, pp. 962-967.



